Objective: The purpose of this investigation was to verify if avoidance of allergenic foods in children adhering to a food allergen avoidance diet from birth was complete and feasible, and whether dietary assessment can be used as a tool in predicting the outcome of double-blind, placebo-controlled food challenges (DBPCFCs). Design: Children adhering to an allergen avoidance diet from birth underwent DBPCFCs. The investigator-dietician verified whether the elimination was complete, using food frequency questionnaires for common allergenic foods. Setting: University Medical Centre Groningen, the Netherlands. Subjects: Thiry-eight children aged 1-13 years, who were consecutively referred to the University Medical Centre Groningen for DBPCFC between January 2002 and February 2004. Results: Among the 38 children undergoing DBPCFCs, there were 15 challenges with egg, 15 with peanut, five with hazelnut and three with soy. Fifteen food challenges (39%) were positive. Small quantities of allergenic foods were inadvertently present in the diets of 13 patients (34%), were possibly present in the diets of 14 patients (37%) and could not be identified in the diets of 11 patients (29%). Seven patients (54%) who had inadvertently ingested small quantities of allergenic foods without sequelae had a positive DBPCFC. Conclusion: Dietary avoidance was incomplete and not feasible in most cases. Tolerance of small amounts of allergenic foods does not preclude positive challenge reactions. Dietary assessment does not seem a useful tool in predicting the outcome of DBPCFC in children adhering to an elimination diet.
Introduction
In several national and international guidelines, parents of infants at high risk for developing food allergy are recommended to delay the introduction of allergenic foods, such as egg, peanut, tree nuts and fish, until the age of 1-3 as an allergy prevention measure (American Academy of Paediatrics, 2000; Commissie Standaard, 2005) . WAO and European guidelines have not established recommendations on delayed introduction of potentially allergenic foods (Høst et al., 1999; WAO, 2004) . However, the evidence for preventive effects by avoidance diets after the age of 6 months is poor (Muraro et al., 2004) . In practice, guidelines on dietary prevention result in long-term and sometimes indefinite elimination of these allergenic foods from birth. Parents are hesitant to introduce these foods because of uncertainty that these foods will be tolerated, or only because of positive skin prick tests (SPTs) or RAST-results for the eliminated food in the past. Elimination is thus sometimes continued for many years, because parents are often unable to obtain diagnostic certainty. This was the case with our study population, who attended our clinic to have the food allergy assessed by double-blind, placebo-controlled food challenge tests (DBPCFCs), while still adhering to these elimination diets.
The predictive value for clinical reactivity of positive skin prick tests (SPTs) and specific IgE by RAST is generally poor, and only 50% for some foods in some studies (Sampson, 2001) . Therefore, the clinical relevance of positive SPTs and RAST results must ideally be verified by food challenge tests. The DBPCFC is the best available test in diagnosing food allergy (Bruynzeel-Koomen et al., 1995) . Nevertheless, to date, this test is not widely utilized because it is labor intensive. Only recently some standardization in protocols and challenge materials for this test have been proposed (Bindslev-Jensen et al., 2004; Vlieg-Boerstra et al., 2004) .
Complete dietary avoidance of allergenic ingredients in packaged foods is considered difficult by patients and parents partly because of undeclared ingredients and misleading label terminology (Gowland, 2001; Altshul et al., 2001; Vierk et al., 2002) . To date, only one study has addressed the (in)adequacy of complete avoidance of allergenic foods by parents of allergic children on elimination diets (Joshi et al., 2002) .
The purpose of this investigation was twofold: firstly, we wanted to verify if avoidance of allergenic foods in children adhering to a food allergen avoidance diet from birth was complete and feasible. Secondly, we wished to examine whether tolerance of small amounts of allergenic foods in the context of unintentional ingestion would predict negative challenge reactions, and whether dietary assessment can thus be used to predict the outcome of DBPCFCs.
Methods

Study population
The study population consisted of children who were consecutively referred to the University Medical Centre Groningen for DBPCFC between January 2002 and February 2004. On the initiative of the parents or health care professionals, these children had eliminated allergenic foods (egg, peanut, hazelnut or soy) from the diet from birth as a dietary preventive measure and they had never knowingly eaten these foods before, as reported by the parents. The children were referred to our clinic because of concern about possible reactions. Therefore, study subjects underwent DBPCFC with these eliminated foods. Children in whom allergic reactions to the food, which was being avoided, were found to have occurred by history were excluded for dietary analysis. Information on atopic symptoms and family history for atopy was obtained. To perform this study medical ethical approval was obtained from the Institutional Review Board of the University Medical Centre Groningen.
Specific IgE and food challenges
Sensitization to the allergenic food in question was determined by CAP-RAST (kU/l) (Pharmacia Diagnostics Sweden) and SPT (mm) with commercially available extracts (ALKAbelló , Denmark) within 6 month before DBPCFC. RAST results of o0,35 kU/l and SPTs of o3 mm were considered negative. When performing DBPCFCs, placebo and active test food challenges were administered in a random order. Both the patient and health care professionals involved in the test were blinded as to the order of the food administration. Active and placebo tests foods were administered on separate days. For the placebo test food challenge, food matrices (recipes) were used which were similar in taste and smell to the matrices used for the active test food challenges. For the active test food challenge, the suspected allergenic food was disguised in a food matrix (recipe) consisting of food components to which the patient was tolerant. Validation of adequate blinding was achieved by sensory testing in a professional food laboratory (Vlieg-Boerstra et al., 2004) . The challenge procedure included a 4-to 6-step incremental design, sometimes preceded by labial challenge, in which progressively greater quantities of the same allergenic food were administered, using allergenic foods in their usual edible form. The challenge was discontinued when clear-cut subjective or objective symptoms appeared. The total challenge dose, administered in the absence of a clinical reaction, consisted of 2.2 g of egg protein or soy protein, equivalent to 17 g of whole egg or 63 ml of soy milk and 0.57 g of peanut or hazelnut protein, equivalent to five peanuts (2 g) or five hazelnuts (4 g). Negative food challenges were followed by introduction of the food in question into the diet. If patients were reluctant to introduce foods at home they were encouraged to discontinue the elimination and results of introduction were evaluated by contacting the patient 1 month after the negative challenge. In this way unnecessary elimination diets were discontinued and possibly false negative results were excluded.
Dietary questioning
Until up to 6 months before the DBPCFC a dietician (BV-B) with experience in food allergy examined the diets of the children during the previous 6-month period and verified whether the elimination of the allergenic foods to be avoided was complete. The parents were asked whether a dietician had been involved in establishing the dietary recommendations. Mothers were asked whether they had avoided allergenic foods while beast feeding. In order to verify if elimination of the avoided allergenic foods was complete, the dietician-investigator developed food frequency questionnaires (FFQs) for food groups containing either egg, soy, peanut or tree nuts specified for foods and brands frequently used in the Netherlands.
The following foods and food groups were included: breads and bread alternatives; cereals; baked goods, grains and grain products; pastas; starches; dairy products, cheese and desserts; alternative dairy products (soy and rice drinks, other mammalian milks such as goat milk); fats, margarine and oil; fruits, vegetables, meats, fish, poultry, egg, potatoes, beans, peanuts, nuts, seeds and respective products; vegetarian meat alternatives; sweets, chocolates and candy bars; cookies and biscuits; juices, lemonade and beverages; instant sauces, instant gravies, instant soups, instant mixes; herbs and spices; crisps and savoury snack food; spreads; products from health food stores; Asian foods; take-away meals; food supplements.
Specific terms indicative of the presence of the allergenic food in question were incorporated in the FFQs, including ambiguous labelling terms, such as '(natural) flavours' or 'hydrolysed vegetable protein'. By comprehensive questioning of parents by telephone, including FFQ administration, the dietician verified whether the elimination of the allergenic foods was started from birth, whether the mother ate these foods during breast-feeding, whether avoidance was complete, whether label identification was interpreted accurately concerning indicative terms with respect to the allergenic food in question, and whether the composition of packaged foods was verified by the parents, by obtaining data from the national allergen databank ALBA (TNO Nutrition and Food Research, The Netherlands) or by inquiring with the manufacturers. If the parents had not done the latter with respect to a small number of different foods, this was done by the dietician. However, when commercial foods were used on a regular basis at home or in a food service setting and information on allergenic ingredients was only obtained from the ingredient label without the exact composition being verified by data from ALBA or the manufacturer, the presence of small amounts of allergenic ingredients in these foods was assessed as being possibly present.
According to the data thus obtained, patients were divided into three categories: (1) allergenic food present in the diet on one or more occasions, (2) presence of allergenic food in the diet is suspected or possible and (3) no allergenic food identified in the diet. The principal contributing factors for the presence or possible presence of allergenic ingredients were analysed for each allergenic food.
Statistical analysis
In all three categories, statistical differences between the number of positive DBPCFCs and the number of parents who obtained dietary counselling were tested by the X 2 -test, two sided, using SPSS software, 12th edition. Differences in mean age between the three categories were assessed by Student's t-test (two sided) (normally distributed).
Results
Study population
Thirty-eight children were included in this study for dietary assessment. Three children were excluded from dietary assessment, because the parents were reluctant in participating in the study or because of family circumstances. The mean age was 7 years (range 2-14 years). At the time food challenges were performed 27 of these 38 children (71%) had symptoms of atopic dermatitis, 33 children (87%) had asthma and 20 children (53%) had symptoms of allergic rhinitis. Family history for atopic disease (atopic dermatitis, asthma, and allergic rhinitis or food allergy) was positive in the majority of the children: 11 of these 38 children (29%) had one and 21 children (55%) had more than one firstdegree family member with atopic disease. Six children (16%) were born in a family with no atopic first-degree family members.
Specific IgE and food challenges
Fifteen DBPCFCs were performed with egg, 15 with peanut, five with hazelnut and three with soy. Fifteen DBPCFCs (39%) were positive and twenty-three (61%) were negative (Table 1 ). All reactions were mild, except in one child. In mild reactions (n ¼ 14) the following symptoms were observed: gastrointestinal symptoms (10 Â ), itch and/or rash (3 Â ), urticaria (3 Â ), oedema (4 Â ), nasal and ocular symptoms (3 Â ), respiratory symptoms (3 Â ), drowsiness (3 Â ). In the child with the severe reaction, urticaria, swollen eyes and an asthmatic reaction were observed.
Most children (thirty-three children, 87%) were sensitized to the foods in question, showing both positive RASTs and skin prick tests (SPTs) (27 patients) or only positive RAST or SPT (six patients) ( Table 1) .
Of the 15 children with a positive food challenge, nearly all (14) were sensitized, showing both positive RASTs and SPTs to the allergenic food in question. One patient who reacted to egg was not sensitized to egg by either test. Of the 23 children with a negative food challenge, most children (19) were sensitized of whom 13 had both positive RASTs and SPTs and six had either a positive RAST or SPT. Four children with a negative food challenge were not sensitized to the food in question. No reactions were reported following a negative DBPCFC when introducing the challenged food at home.
Food avoidance
All parents had tried to keep the allergenic food in question out of their child's diet from birth until the DBPCFC was performed. Thirty-five of 38 children were breast-fed for at least 2 weeks. Of these 35 children, only one mother eliminated allergenic foods from her own diet during breastfeeding from the birth of her child as a dietary preventive measure. Four mothers started avoiding allergenic foods on their own initiative while breast feeding when they suspected food allergy in their child. The other 30 mothers did not eliminate allergenic foods when breast-feeding, but all avoided introducing these foods when solid foods were introduced into the diet of their child. Twenty-two (63%) of the mothers obtained dietary counselling from a dietician with regard to the dietary preventive measures taken.
Degree of elimination
No patients avoided vegetable oil when eliminating peanuts or nuts or avoided soy lecithin when eliminating soy. However, when the source of the oil was explicitly stated on the label of a commercial food and was labelled as 'peanut oil', 'nut oil', or 'soybean oil' all patients avoided these foods. The results of the degree of elimination are shown in Table 2 . In approximately 1/3 (34%) of the patients, the presence of the allergenic ingredients in question in the diets of the children was revealed by the dietician (category 1). In more than 1/3 (37%) of the children, the presence of the allergenic ingredients remained unclear and was assessed as possible (category 2). In these patients, manufactured foods were frequently used based on ingredient declaration on the label, while the exact and complete composition of these foods was not verified by the parents. None of these unintentionally ingested small amounts of allergenic foods resulted in clinical reactions. In less than 1/3 (29 %) of the children, the presence of allergenic ingredients could be excluded by comprehensive questioning (category 3). These children, allocated to the category of 'no allergenic food identified', hardly used any processed foods. Most meals were prepared from basic ingredients and commercial brands were selected carefully by parents after contacting manufacturers and/or having checked the absence of allergenic ingredients by data from the national allergen databank ALBA. In all three categories, a number of DBPCFCs was positive ( Table 2) . 54% of the children who had ingested small amounts of allergenic foods (category 1) without sequelae had a positive DBPCFC. Although there was a trend towards lower frequencies of positive DBPCFCs in the children in whom allergenic foods could not be identified, there were no significant differences between the frequencies of allergic responses (% of positive DBPCFCs) in these three categories as analysed by the X 2 -test. In all three categories, a number of parents obtained counselling by a dietician with regard to the dietary preventive measures taken (Table 2 ). There were no significant differences between the number of parents who obtained dietary counselling in these three categories as analysed by the X 2 -test. There were no significant differences in mean age between the three categories.
Causative factors for presence or suspected presence of allergenic ingredients
In Tables 3 and 4 , major causes for the presence and suspected or possible presence of allergenic ingredients are presented. Contributing factors for 'no strict avoidance' (Table 3) were general dietary permissiveness and mistakes. Contributing factors for 'incorrect label reading' (Table 3) were not identifying or not noticing clear and unambiguous indicative labelling terms, such as 'egg white' or 'traces of peanut'. Contributing factors for 'ambiguous label terminology' (Tables 3 and 4) consisted in all patients of misinterpretations of ambiguous or complex label terminology, such as 'hydrolysed vegetable protein' or 'natural flavour' for peanut, often occurring on labels of meat products, soup and dried mixes for sauce or soup.
Patients who used or possibly used 'undeclared ingredients' (Tables 3 and 4) used manufactured compound products without verifying the exact composition with ALBA or the manufacturer or used precautionary-labelled foods ('may contain').
'Accidental intake by the child' (Table 3) included a child given the wrong sort of potato chips (in this case flavoured with peanut) and a child given a meal prepared with an egg-contaminated knife by other family members or friends of family.
'Use of foods of unknown composition' (Table 4) usually occurred outdoors or in a food service setting, without the labels being read or the composition of the used foods and meals verified by the parents.
Taken together, the identification of peanut was the most problematic for parents (13 of 15 patients), due mainly to misleading or ambiguous labelling or undeclared. Second was the identification of egg (10 of 16 patients) which was problematic for the parents due to several contributing factors, including incorrect label reading and ambiguous labelling or undeclared ingredients.
Discussion
Dietary avoidance of allergenic foods is the only effective therapeutic measure currently available in the treatment of food allergy. Complete dietary avoidance is known to be troublesome for allergic consumers (Vierk et al., 2002 , Joshi et al., 2002 . Although in our study unintentional exposure to allergenic ingredients did not provoke clinical symptoms, inadvertent use of foods was found in most patients. Thus, absolute avoidance did not seem feasible for these patients. Most patients were not aware of the mistakes they had made and thought they were avoiding the food successfully. Furthermore, most of the mothers had not avoided allergenic foods when breast-feeding. Studies have shown that peptides of allergenic foods, eaten by the mother, can be found in breast-milk (Fukushima et al., 1997) . Thus, most of the children were exposed during breast-feeding.
Our results showed that the identification of peanut was more problematic than other food allergens. Incorrect label reading as a result of ambiguous label terminology most often occurred in patients misinterpreting label terminology such as 'natural flavour' or 'vegetable protein hydrolyzate', mainly in food stuffs used for the preparation of hot meals, such as instant soup, instant sauce and meat products. The identification of egg was also problematic, caused by several contributing factors such as undeclared ingredients. Although most parents had received dietary counselling from a dietician in the past, the difficulties and mistakes in identifying allergenic ingredients from labels suggest that parental education in correct label reading would be beneficial in improving allergen avoidance, for example by dieticians having experience in food allergy.
Another study conducted in the USA addressing the adequacy of allergen avoidance also found that most parents were unable to identify common allergenic food ingredients such as milk (92%), egg (7%), soy (78%), peanut (46%) and wheat (12%) (Joshi et al., 2002) . They found, as we did, that peanut was hard to identify. However, in contrast to our results, egg was relatively easy to identify for parents. This difference is probably due to the '25% rule' by which egg is not declared in many egg-containing European food products.
We agree with Wood that under the 25% rule complete dietary avoidance is quite impossible without first calling the food product's manufacturer (Wood, 2002) or verifying the composition of foods by data from a databank such as ALBA. We found that the 25% rule was one of the three contributing factors for (suspected) presence of undeclared allergenic ingredients (Tables 3 and 4) . Firstly, by the so-called 25% rule (Taylor and Hefle, 2001; European Parliament, 2003) , compound ingredients that make up o25% of the final food product are not required to be listed on the ingredient list of processed foods when manufactured before the end of November 2005. A second cause for undeclared ingredients was the fact that ingredients may be exempt from labelling, because they are considered to be processing aids whose presence in the food is due solely to the fact that it was contained in an ingredient of the food and has no specific function in the finished product (Taylor and Hefle, 2001; European Parliament, 2003) . Thirdly, cross contamination with dietary allergens during food processing, caused by cross contact, could be a cause for presence of undeclared allergenic ingredients. Cross contact is contamination, usually caused by using shared equipment within the food industry for products with several different formulations (Taylor and Hefle, 2001 ). However, we could not ascertain for this factor by dietary assessment, but considered it possible in cases where the manufacturer used precautionary labelling. The national allergen databank ALBA does not ascertain cross contact. Other means of detection of dietary allergens were not available in this study.
New food labelling rules in the European Union have replaced the 25% rule from November 2005 onwards (European Parliament and Council, 2003) , requiring a limited number of well known allergenic foods, such as gluten, crustaceans, egg, fish, peanut, soy, milk, nuts, celery, mustard, sesame, and sulphite to be clearly and unambiguously labelled on packaged foods. This may help allergic consumers in preventing inadvertent use of these food substances. Our results show that incomplete labelling is an important cause of dietary mistakes and support the need for improved labelling of foods as proposed by European regulatory authorities.
As a result of the poor predictive values of specific IgE by RAST and SPTs, an additional tool in predicting clinical reactivity to DBPCFCs, especially in sensitized children, would be most helpful in managing and diagnosing food allergy. However, we found that dietary assessment is not useful in predicting the outcome of DBPCFC in children having avoided these foods from birth: in all three categories a number of patients showed positive reactions to DBPCFC (no significant differences between the three categories) and 54% of the children with unintentional previous exposure to allergenic foods (category 1) had a positive DBPCFC. Thus, tolerance of small amounts of allergenic foods does not predict the outcome of DBPCFC. A possible explanation for this observation might be that the ingested food was consumed in a quantity below the threshold dose for that patient. Determination of the intake of allergenic foods by dietary history was too imprecise to allow for direct comparison. Furthermore, no databanks for common allergenic foods are available which would allow for calculation of the protein content of allergenic ingredients present in the diets of these children.
In this study, 39% of the children had clinical symptoms on their first known exposure to common allergenic foods (the DBPCFC), as has been described by others (Lack et al., 2003) . Thus, physicians and dieticians should carefully consider the circumstances under which potentially allergenic foods are introduced in the diet, especially in sensitized patients.
In conclusion, complete dietary avoidance of allergenic foods is difficult, often incomplete and not feasible in most cases. Our data suggest that complete elimination of allergenic foods as a measure to prevent the development of allergic disease is not feasible, as inadvertent contact with the allergenic food may happen by incomplete label identification, mistakes or possibly by cross contact. Furthermore, ascertainment of previous asymptomatic ingestion of small amounts of allergenic foods does not preclude positive challenge reactions: 54% of the children who had ingested small amounts of allergenic foods without sequelae had a positive DBPCFC.
